We believe the massive rural electrification, which began in 1992, played a significant role in the varying fertility rates across rural Ghana. Rural households with electricity, tend to have fewer children ever born to a woman than households without electricity. Using control function regressions, we identify the contribution of electrification to the rural-rural variation in fertility by exploiting the exogenous variations in the access rate to electricity at the district-level. Our results indicate that electrification contributes to a fall in fertility among rural women by between one and three children. These results are qualitatively similar to results from our two-stage least squares estimations and counterfactual analysis. Although our results may not reflect what happens in other countries, they suggest that electrification reduces fertility and should be considered when examining the costs and benefits of rural electrification programs in developing countries.
Introduction
Ghana experienced a rapid decline in fertility after 1992. Interestingly, there still exists a rural-urban difference and a rural-rural variation in fertility. It appears the massive rural electrification program in 1992 contributed significantly to the observed rural-rural difference in fertility. Electrified rural households tend to have fewer children compared to the non-electrified rural households. For many developing countries like Ghana, the debate remains whether large-scale family planning programs or economic development triggers the fertility transition (Grimm et al. 2015; Bongaarts and Casterline 2013 ). It appears electrification affects both and they, in turn, affect fertility. It is important to understand the relationship between electrification and fertility because fertility is linked to poverty reduction, income distribution and economic growth (Becker and Barro 1986; Eastwood and Lipton 1999) . Recent research (Cornwell and Robinson 1988; Bailey and Collins 2011; Peters and Vance 2011; Grimm et al. 2015) has found mixed results on the relationship between fertility and electricity.
To establish the relationship between fertility and electrification, we study the 1990s expansion of electricity to rural areas in Ghana. Electrification rates have risen progressively from 28% in 1988 to 43% in 2000 and 55% by 2008. Much of the improved access is due to two main electrification programs: the 1989-1990 "Self-Help Electrification Program" (SHEP) and the "District Capitals Electrification Project" (DCEP). In 1989, only 5% of rural residents had access and only 478 of 4221 communities had access to electricity (Abavana 2012) . The DCEP aimed at extending electricity to the remaining 64 districts without electricity at the time. As part of the DCEP, towns and villages en route to the district capitals were also connected to the national grid. In all, 455 communities including the 64 district capitals were covered (Abavana 2012) .
SHEP on the other hand connected communities in which households were willing to bear some of the cost of the electrification. Such a community needed to satisfy a three-pronged criterion: be within 20 km of an existing 11 kV or 33 kV network suitable for further extension; procure and erect all the low voltage electricity poles required for the local network; and have a minimum of one-third of homes in the wired and ready to receive electricity supply. Overall, SHEP helped in the extension of electricity to about 82.5% Ghanaians (Kumi 2017) . The expansion in electricity to rural communities has come with declining fertility in many rural communities.
The fall in Ghana's fertility has received some attention in the literature (Boadu 2002; Chuks 2002; Gyimah 2006; Gyimah et al. 2012; Gaisie 2013) . Some studies attribute the fall in fertility to increase the knowledge and use of contraceptive (Boadu 2002) . However, Gyimah et al. (2012) argue that although the knowledge of contraceptive use is almost universal in Ghana, its prevalence rate remains low. The relatively low contraceptive demand and use can be attributed to sociocultural factors that undermine the relevance of family planning services and reinforce the rationalization of high fertility (Gyimah et al. 2012 ). Gyimah (2006) attributes the fall in fertility to rural-urban migration: rural dwellers who move to urban areas tend to adopt the fertility behaviors of urban households. While this may explain rural-urban fertility differences, it does not explain rural-rural differences in fertility. Nyarko (2012) finds that the level of education of the female adolescent and her partner; the work status of the female adolescent; the wealth status; and the exposure to media significantly influence adolescent fertility. All of the factors influencing fertility as outlined by Nyarko (2012) are more pronounced when electricity is available in the household.
Despite the attempts to explain fertility variation across Ghana, no study has examined the link between electrification and fertility. The rural-rural variation in fertility across Ghana offers a unique opportunity to study the effects of electrification on fertility. Rural areas in Ghana are homogenous as far as the family unit is concerned. Rural communities, before electrification, are characterized by a high number births per woman. These communities are agricultural-based and often have high levels of poverty. With electricity, there appears a divergence in fertility between rural communities connected to the national grid and those without electricity. Thus, the goal of this paper is to estimate the effect of electrification on fertility.
Electrification may affect fertility through increased access to information (including family planning) and through employment opportunities. The introduction of electrification in an area creates new channels of information (Jensen and Oster 2009; La Ferrara et al. 2012) . Grimm et al. (2015) note that a key channel through which electrification affects fertility relates to increased exposure to television. For instance, a woman with a television at home may gain knowledge of contraceptive use through commercials that encourage family planning. Exposure to television dramas, which often feature a couple with few children, also affects reproductive behavior as the ideal family size is subconsciously implanted (Jin and Jeong 2010) . In addition, the introduction of electrification increases household technology adoption that affects fertility through child quantity-quality tradeoff favoring quality (see, for example, Lewis 2015 or Bailey and Collins 2011) .
Alternatively, electrification affects fertility by increasing the opportunity cost of having children. The electrification of a community usually creates income shocks in the area through newly available job opportunities (Khandker et al. 2009; Bensch et al. 2011) . New jobs in these areas affect both participation in the labor market and available hours of work for those already employed, as observed in South Africa (Dinkelman 2011) . The increased opportunity cost means that the benefits of each additional child must be carefully considered so that couples can maximize the utility from having children (Becker 2012; Goldin and Katz 2000; Greenwood et al. 2005; Black et al. 2013) .
There are studies that have investigated how electrification affects fertility in other countries. However, the empirical evidence of the relationship between electrification and fertility remains mixed. Peters and Vance (2011) find that rural electrification reduces fertility among rural households in Côte d'Ivoire. Bailey and Collins (2011) also find that exposure to electricity is negatively correlated with fertility among the Amish in the United States. Using panel data, Grimm et al. (2015) find that electrification is responsible for a fertility decline by 18% to 24% in Indonesia. Herrin (1979) finds that the increase in socioeconomic status of couples through rural electrification decreases the demand for children in communities in southern Philippines. In their examination of the electrification-fertility relationship in Southern counties of the US, Cornwell and Robinson (1988, p. 291) conclude, "electrification was relatedly indirectly to fertility through the impact it had on farm and home production modes and also through its facilitation of more general socioeconomic change." In their review of 10 studies, Harbison and Robinson (1985) conclude that higher rural electrification leads to higher contraceptive prevalence and lower levels of fertility. However, in all but two studies, Bangladesh and the Philippines, electrification functions as a community level variable rather than an individual or household variable. At the level of community, these studies suggest that rural electrification affects fertility in between five and ten years.
On the other hand, some studies find a positive relationship between electrification and fertility. For instance, in their study of non-Southern counties in the United States, Cornwell and Robinson (1988) find that rural electrification leads to an increase in fertility. Peters and Vance (2011) find a similar result in Côte d'Ivoire. Without accounting for the endogeneity of fertility in their model, the study reveals that electrification increases fertility among urban households but decreases among rural women in Côte d'Ivoire.
The results of our study are similar to studies that find a negative relationship between electrification and fertility. We recognize that households are not randomly connected to electricity; the decision is often based on both observed and unobserved characteristics. For our analysis, we control for this endogeneity using exogenous variations in access rate to electricity at the district level to identify the effect of rural electrification on fertility. We use the control function approach as our estimation strategy. The control function approach provides more efficient estimates since access to electricity in our model is binary and endogenous (Wooldridge 2010) . To check the stability of our results, we also investigate the counterfactual effect of rural electrification on fertility. Our analysis indicates that women who do not have electricity at home would have similar fertility outcomes in the presence of electricity in their homes when compared to women who have electricity at home.
The rest of this study is organized as follows: Section 2 presents the trends in fertility in Ghana. Section 3 describes the dataset for our analysis and presents its descriptive statistics. Section 4 presents the empirical results from various estimations. In Section 5, we undertake some robustness checks and conclude the study in Section 6.
Fertility in Ghana
Ghana's fertility rate has been on the decline for some time now. Table 1 reports estimates of total fertility rate in Ghana from the Ghana Demographic and Health Survey for various years. The Table shows that total fertility declined from 6.4 to 4.6 children per woman from 1988 to 2007. Also, Table 1 reports the age-specific fertility rate for some age groups. There has been a reduction in age-specific fertility rate from 1988 to 2007 as revealed in Table 1 . The cumulative percentage reduction in age-specific fertility for the age group of 15-29 between 1988 and 1993 is 39.5% compared to 42.2% between 1993 and 1998, which is the period immediately after the massive rural electrification program in Ghana. It appears there is a spike in fertility reduction after the rural electrification project. Given this observation, it is important to know the extent to which electrification contributed to fertility reduction of rural women in Ghana. Women within the age groups of 15-19 and 45-49 experienced the most drastic change in fertility as revealed in Table 1 . As expected, age-specific fertility rate increases with age groups, reaches a peak and then, declines in each year as shown in Table 1 . (1988, 1993, 1998, 2003 and 2007) .
Figure 1, below, shows a clear picture of the trend in age-specific fertility rate between 1988 and 2007. We can see that there is a fall in fertility between 1988 and 1993, as portrayed by the gap between the lines for 1988 and 1993. After 1993, fertility continued to decrease but at an increasing rate before becoming steady, as seen by the small gaps between the lines for the remaining years. (1988, 1993, 1998, 2003 and 2007) . (1988, 1993, 1998, 2003 and 2007) In Table 2 , we show the rural-urban variation in fertility through time; this has received considerable attention in the literature. It also highlights the differences in fertility at the regional level. The Brong-Ahafo region of Ghana records one of the most severe falls in fertility rate over time. Fertility rates in the Northern, Upper East and Upper West regions are consistently higher than the remaining seven regions. Table 2 also presents fertility by income quintiles. Women found in higher income quintiles compared to women found in lower income quintiles have lower fertility rates. We see that fertility rate generally falls as we move along the income quintiles from the lowest to highest. This suggests that the electrification of an area, may lead to new employment opportunities and thus (1988, 1993, 1998, 2003 and 2007) .
In Table 2 , we show the rural-urban variation in fertility through time; this has received considerable attention in the literature. It also highlights the differences in fertility at the regional level. The Brong-Ahafo region of Ghana records one of the most severe falls in fertility rate over time. Fertility rates in the Northern, Upper East and Upper West regions are consistently higher than the remaining seven regions. Table 2 also presents fertility by income quintiles. Women found in higher income quintiles compared to women found in lower income quintiles have lower fertility rates. We see that fertility rate generally falls as we move along the income quintiles from the lowest to highest. This suggests that the electrification of an area, may lead to new employment opportunities and thus a reduction in fertility as women divert their time from reproduction to income-generating activities (Khandker et al. 2009; Bensch et al. 2011) . (1988, 1993, 1998, 2003 and 2008) .
While there exists a clear rural-urban difference in fertility, as demonstrated in Table 2 , the existence of a rural-rural dichotomy in fertility is only obvious upon a closer examination of the data. The Greater Accra Region, the most urbanized and electrified region, has the lowest fertility rate. The more rural northern-most three regions have the highest fertility rates, on average. In the next section, we show the variation in fertility across rural areas.
Data and Descriptive Statistics
The main data for this study is the 2005/2006 Ghana Living Standard Survey data (GLSS). The GLSS is a nationally representative survey conducted by the Ghana Statistical Service (GSS). The purpose of the GLSS is to provide comprehensive information on living standards and to evaluate the effects of various government policies on the indicators of living standards. Each round of the survey covers a nationally representative sample of households spread over a period of 12 months.
So far, the GLSS data is the only comprehensive and most reliable data on the living standards of households in Ghana. One good thing about this data is that the questionnaires are updated for each wave to include new questions. The main weakness of this strategy is that tracking a phenomenon through time can be a difficult exercise. Also, the same households are not necessarily followed from wave to wave. Also, house numbers and cluster identification numbers change from survey to survey. For these reasons, we only use the 2005/2006 GLSS in this study. As mentioned earlier, rural electrification affects fertility in about five to ten years. Thus, the window of our study should adequately capture this effect.
To examine the role of rural electrification of fertility, we construct a cross-section of women in rural Ghana using the reported district-level codes, cluster numbers, household numbers and individual identification numbers. We further restrict our sample to rural women who reported having their first ever child after 1992 (the year of the massive rural electrification) and for whom information about electricity in their homes is available. Imposing these restrictions result in a final sample of 3288 observations covering 170 districts. We include individual-level covariates reported in the Survey. In particular, we include the number of years spent in school, income, type of job, technology adoption, religion and contraceptive use.
In Table 3 , we present summary statistics. Around 42% of rural women have electricity in their homes. The average number of children ever borne by a woman in the total sample is 2.88. From Table 3 , it is clear that there is a difference in fertility rates across rural communities. Women with electricity at home also have fewer children: 2.63 against 3.04 for women without electricity. The majority of women with electricity at home are also located in districts with higher access rates to electricity. Table 3 further highlights some individual-level differences between women with and those without electricity at home. Women with electricity at home stay longer in school than those without electricity at home. Women with electricity at home also earn higher incomes, on average. A longer stay in school and higher income potentially leads to a quality-quantity tradeoff in the number children ever born, in favor of quality. As far as birth control goes, a larger percentage of women who have electricity at home use some form of contraceptive: 21.78% compared to 14.37%. However, there seems to be no meaningful difference in reported age, age at first sexual encounter and age at first birth.
Methodology
Our goal is to estimate the extent to which electrification contributes to fertility reduction of rural women in our sample. As a result, we estimate a model with a general form
where the variables Y is fertility and X denotes access to electricity. The variable Z is a vector of exogenous explanatory variables, which includes education, income, white-collar job, radio, television, contraceptive, Catholic, age, age at first sexual encounter, the age at first birth and six regional dummy variables. The variable u is the error term and is assumed to be normally distributed.
Although we can estimate the effect of electrification on fertility, ignoring the endogeneity of the household's decision to connect the grid will render our estimated results invalid. As discussed earlier, while the decision to expand electricity to all district capitals was without any preconditions, expansion to communities needed to satisfy a three-pronged criterion. By this criterion, it is assured that communities meet both potential gains and the feasibility of supplying electricity to the said community. Thus, some women have electricity because they simply live in communities that are close to the electricity grid. Some of these women would not connect to the electricity grid if they were distant from the grid. Thus, there are econometric concerns that must be accounted for in estimating the effect of electricity on fertility. This is because, by virtue of being close to an electricity grid, a household may connect to the grid. The same household may not connect to the grid if it were further away from the grid. This situation results in the selection of households into electrifying their homes. As a result, electrification correlates with unobservable characteristics of the fertility of a woman. This leads to a correlation between electrification and the error term in the structural equation of electrification, leading to a biased and inconsistent estimate of β if Equation (1) is estimated using OLS. Thus, OLS suffers from selectivity and endogeneity biases.
The identification strategy of this study is to use exogenous variations in the access rates of electricity in the 170 districts where these women are located to identify β in Equation (1). We assume that the probability of a woman having electricity in her home is higher in a district with higher access rate to electricity. As a result, access rate to electricity and having electricity at home should be positively related.
Since electricity in our model is binary and endogenous, we estimate our model using control function approach (Wooldridge 2010) . Compared to the two-stage least square or the generalized method of moments, this strategy gives more efficient estimates and it relies on the same identification conditions as the two other methods. To use the control function approach, we project X in Equation (1) onto the exogenous variables, Z, by writing a reduced form equation with an error term as
where π is a vector of coefficients. We further write a linear projection of u on v, in an error form as
where ρ = E(vu)/E(v 2 ) is the population regression coefficient. By definition, E(ve) = 0 and E(ze) = 0 because u and v are both uncorrelated with Z. We then plug Equation (3) into Equation (1) to give
where we now havev as an explanatory variable in Equation (4). Because e is uncorrelated with Z, X, andv, we can consistently estimate β and δ by running an OLS regression of Y on Z,X, andv using a random sample. These OLS estimates are the control function estimates. The inclusion ofv controls for the endogeneity of electrification, X, in Equation (1). Estimation of Equation (2) is done using probit.
Empirical Results
We present our estimates of the structural equations in Table 4 . Each row corresponds to a different explanatory variable, while each column reports the results from a different specification. Standard errors are clustered at the district level and are reported in parentheses. The covariates in all specifications are electricity (i.e., whether a household is connected to or otherwise), education, income, white-collar job, radio, television, contraceptive, Catholic, age, age at first sexual encounter, the age at first birth and five regional dummies whose coefficients are not reported. Columns 2-4 include 5 statistically significant regional dummies that are omitted. Columns 3 and 4 report the second stage results of the CF and TSLS regressions, respectively. Standard errors are robust. Standard errors in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.001.
Column 1 shows that in the absence of any other explanatory variable, electrification has a significant and negative relationship with fertility. When we include other explanatory in column 2, the relationship between electrification and fertility remains negative and statistically significant. The coefficient of electrification also increases in magnitude. The results show that electrification reduces fertility by 0.5 children. This result is in line with Bailey and Collins (2011) and Grimm et al. (2015) but can be contrasted with some results from a similar study in Côte d'Ivoire by Peters and Vance (2011) . We also observe income to be statistically significant, which indicates that as women move up the income ladder, fertility declines. As expected, age has a diminishing returns effect on fertility. This observation is consistent with previous research by Klein and Sauer (2001) . However, the OLS estimation ignores selection and endogeneity issues as discussed earlier. Ignoring these issues may mean we underestimate the actual effect of electrification on fertility. To account for selection and endogeneity, we use a control function approach 1 . To check the robustness of our results, we also estimate results from two-stage least squares.
Results from the first stage regression of the control function approach and the two-stage least squares are presented in Table A1 in the Appendix A. The probability of a woman having electricity at home is assumed to be high in districts with high access rates to electricity. The positive coefficient on access rate to electricity is supported by results from previous studies (Davis 1998; Kanagawa and Nakata 2008; Winkler et al. 2011) . As noted by Winkler et al. (2011) , access means that "households and businesses in a given area can connect to electricity that is established either by grid or smaller nongrid connected supply." The explanatory variables used to control for other factors that affect electrification of a home are also statistically significant and have their theoretical expected signs. The chi-square statistic of 113 and the high F-statistic of 161 in the case of the first stage regression results for the CF and TSLS respectively, give us some comfort that our instrument will not suffer from weak instrument bias.
Column 3 presents the results of the structural model of the control function regression. After taking care of the selection and endogeneity of having electricity in a home by using the exogenous variations in the access rate to electricity in a district, electrification now has a much large effect on fertility compared to the OLS estimates. Electrification reduces the fertility by 3.16 children. This means the effect of electrification on fertility is grossly underestimated when the endogeneity of connecting to the grid is ignored.
The negative coefficient of electricity supports the anticipated direct effects of electrification on fertility such as the availability of alternatives to intercourse and the increase in the opportunity cost of having children; both of which lead to a decrease in the demand for children. It also supports the indirect effects such introduction of new channels of information. It is therefore not surprising that Cornwell and Robinson (1988) find that electrification plays a moderating role among farm women in Southern counties of the US. Our result is also similar to Peters and Vance (2011) study on the effect of electrification on fertility for rural households in Côte d'Ivoire.
We also implement the TSLS regression method for purposes of comparison. Column 4 of Table 4 presents the second stage results, which show qualitatively the same results as the control function estimation. Electrification and other explanatory variables are significant as previously presented. The estimated coefficient of electrification is negative, as before, implying the robustness of the finding that electrification reduces the fertility of rural women. Again, accounting for the presence of selection and endogeneity has a larger impact on the coefficient on electrification. OLS, therefore, understates the effect of electrification on fertility as mentioned earlier.
Finally, we also investigate the counterfactual effect of rural electrification on fertility. Both CF and TSLS may yield biased estimates where the exclusion restriction(s) is weak: if for instance, district-level electrification is correlated with other determinants of fertility other than household grid connection then our regression results are biased. Figure 2 illustrates that women who do not have electricity at home would have similar fertility outcomes in the presence of electricity in their homes when compared to women who have electricity at home.
As shown in Figure 2 , women with electricity at home compared to women without electricity at home have a lower density of fertility. When we hypothetically make women without electricity at home have electricity, their density of fertility falls. This result shows that electrification plays an 1 We reject the null hypothesis that the OLS estimator would yield consistent estimates by performing the Durbin-Wu-Hausman endogeneity test. This means that instrumental variable technique is required. We performed the Anderson canonical correlation LM test for under-identification. The test results show that the model is not under-identified. We also perform weak identification test. By computing the Cragg-Donald Wald F-statistics and comparing them with the Stock and Yogo weak identification test critical value of 10% maximal IV size, we reject the null hypothesis that the model specification is weakly identified. important role in fertility decline. Ashcraft et al. (2013) use a similar counterfactual in their study of the adverse effects of birth on teenage mothers.
have electricity at home would have similar fertility outcomes in the presence of electricity in their homes when compared to women who have electricity at home. As shown in Figure 2 , women with electricity at home compared to women without electricity at home have a lower density of fertility. When we hypothetically make women without electricity at home have electricity, their density of fertility falls. This result shows that electrification plays an important role in fertility decline. Ashcraft et al. (2013) use a similar counterfactual in their study of the adverse effects of birth on teenage mothers.
Conclusions
In this study, we investigate the effect of electricity on fertility in rural Ghana. Our results suggest that rural electrification reduces fertility by about one to three children per woman. This result has policy implications for Ghana. This is a big effect, especially if we compare this with factors that are often cited for decreasing fertility, such as increased female education, for which we find its contribution to be negligible. However, given that our results are based on cross-sectional GLSS data, these results can be susceptible to omitted variable bias and selection issues and therefore require some caution to be interpreted as causal effects. Selection issues will largely arise if smaller families in rural areas choose to settle near electricity grids in other rural communities so as to have their dwellings connected to electricity. That said, our results are still informative and consistent with results from similar studies. It is true that we cannot entirely rule out biases due to time-varying district-specific unobservable factors that may be correlated with both electrification and fertility decisions but the strength of our approach potentially holds a high degree of external validity because our analysis is based on a nationally representative sample and our counterfactual analysis provide similar evidence. Our results may not also reflect what happens in other countries but they do suggest that electrification reduces fertility and this should be taken into account when examining the costs and benefits of rural electrification programs in developing countries. 
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Notes
• Fertility is the total number of children a woman ever born.
•
Education is the number of years of schooling of a woman.
Income is the total income earned from employment.
• White-collar job is any formal sector employment and is equal to one if employed in the formal sector.
Radio is the ownership of radio and equal to one if a woman owns a radio.
Television is the ownership of radio and equal to one if a woman owns a television.
Contraceptive is the usage of contraceptive to control birth and is equal to one if a woman uses any form of contraceptive.
• Catholic is defined as a member of the Roman Catholic Church.
Age is the age in years of a woman.
Age at first sex is the age a woman first had sex.
Age at first birth is the age at which a woman first had her first child.
Access rate of electricity is the percentage of homes with electricity in a district.
Appendix A Standard errors in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.001.
